Materials and Methods
All chemicals were purchased from commercial sources and used without further purification.
Lacic acid oligomers L-4a-c, L-3a-c, L-3e, L-5a-c and L-5e, BCO precursors HOOC-LLA1-Si15 (6a) and HOOC-LLA1-Si23 (6b) and BCO [LLA-Si15] were synthesized according to literature procedures.
1,2 All discrete length siloxanes (9a-b) were synthesized according to literature procedure. 1 Dry solvents were obtained with an MBRAUN Solvent Purification System (MB-SPS). Toluene was dried over 4 Å molecular sieves before use. Oven-dried glassware (120 °C) S2 was used for all reactions carried out under argon atmosphere. Reactions were followed by thinlayer chromatography (TLC) using 60-F254 silica gel plates from Merck and visualized by UV light at 254 nm and/or Cerium molybdate (CeMo) staining. Automated column chromatography was conducted on a Grace Reveleris X2 Flash Chromatography System using Reveleris Silica Flash Cartridges.
NMR spectra were recorded on Varian Mercury Vx 400 MHz, Varian 400MR 400 MHz (400 MHz for 1 H-NMR) spectrometers. Deuterated solvents used are indicated in each case. Chemical shifts (δ) are expressed in ppm, and are referred to the residual peak of the solvent. Peak multiplicity is abbreviated as s: singlet; d: doublet, q: quartet; p: pentet; m: multiplet; dd: double doublet; dt: double triplet; dq: double quartet.
Matrix assisted laser absorption/ionization-time of flight mass spectra (MALDI-TOF) were obtained on a PerSeptive Biosystems Voyager DE-PRO spectrometer using α-cyano-4-hydroxycinnamic acid (CHCA) or trans-2-[3-(4-tert-butylphenyl)-2-methyl-2-propenylidene]-malononitrile (DCBT) as matrix.
Gas chromatography-mass spectrometry (GC-MS) measurements were conducted on a Shimadzu GC-17A gas chromatograph with a Shimadzu AOC-20i auto injector, Shimadzu GCMS-QP5000 gas chromatograph mass spectrometer and Phenomenex Zebron ZB-35 column (l = 30 meters, ID = 0.25 mm, film thickness = 0.25 µm).
Differential scanning calorimetry (DSC) data were collected on a DSC Q2000 from TA instruments, calibrated with an indium standard. The samples (4-8 mg) were weighed directly into aluminum pans and hermetically sealed. The samples were initially heated to 180 °C and then subjected to two cooling/heating cycles from -50 °C to 180 °C with a rate of 10 °C min -1 . The data that is presented, represents the second heating cycle.
S3
Bulk small angle X-ray scattering (SAXS) was performed on an instrument from Ganesha Lab.
The flight tube and sample holder are all under vacuum in a single housing, with a GeniX-Cu ultra low divergence X-ray generator. The source produces X-rays with a wavelength (λ) of 0.154 nm and a flux of 1 × 108 ph s -1 . Scattered X-rays were captured on a 2-dimensional Pilatus 300K
detector with 487 × 619 pixel resolution. The sample-to-detector distance was 0.48 m. The instrument was calibrated with diffraction patterns from silver behenate.
Synthetic procedures
Synthetic schemes 
Bn-LLAx-TBDMS (3)
Scheme S1. The synthesis of discrete, double protected L-lactic acid oligomers Bn-LLAx-TBDMS with 2 to 64 repeat units. For the D-lactic acid oligomers (Bn-DLAx-TBDMS), the same synthetic route was followed, starting from the corresponding, D-lactide enantiomer. 21, 170.15, 135.14, 128.74, 128.65, 128.36, 69.48, 67.37, 66.81, 62.47, 20.54, 16 .96 ppm.
Bn-DLA2-TBDMS (D-3a)
Alcohol D-2 (22.5 g, 89.0 mmol) was dissolved in dry DMF (100 mL) in a 250 mL round-bottomed flask under an argon atmosphere. Imidazole (22.61 g, 332 mmol, 3.7 eq) and tertbutyldimethylsilyl chloride (TBDMS-Cl, 28.47 g, 189 mmol, 2 eq) were added as solids and the resulting yellow solution was stirred overnight at room temperature. Full conversion of the alcohol was confirmed by TLC analysis (hept/EtOAc 50:50; CeMo stain; Rf,prod = 0.85). The mixture was poured into sat. aq. NaHCO3 soln. (250 mL) and extracted with pentane (4x 100 mL). The combined organic layers were dried with MgSO4 and the solvent was removed in vacuo, giving in the crude product as a colorless oil. The crude material was purified by automated column chromatography in two separate portions using heptane/EtOAc (gradient 100/0 to 90/10) as eluent. Pure D-3a (without any lactide or monomeric by-product) was obtained as a colorless oil (19.32 g, 59% 
General procedure A for the oLA coupling reactions giving or Bn- DLAx-TBDMS (D-3b-h) 87, 170.33, 170.23, 170.06, 169.98, 169.95, 169.93, 169.92, 169.86, 135.37, 128.95, 128.86, 128.58, 69.61, 69.34, 69.33, 69.31, 69.28, 69.14, 68.86, 68.32, 67.55, 26.02, 21.56, 18.61, 17.08, 17.01, 16.98, 16.90, -4.58, -4.98 .7 Hz, 3H, Si-O-CH(CH3)-CO), 0.9 (s, 9H, (CH3)3C-Si(CH3)2), 0.1 (s, 3H, (CH3)3C-Si(CH3)2), 0.08 ppm (s, 3H, (CH3)3C-Si(CH3)2); 13 C-NMR (100 MHz, CDCl3) δ=173. 84, 170.30, 170.20, 170.04, 169.95, 169.90, 169.83, 135.36, 128.93, 128.84, 128.55, 69.59, 69.31, 69.26, 69.11, 68.84, 68.29, 67.53, 26.00, 21.53, 18.59, 17.06, 16.95, 16.88, -4.60, -4.99 170.29, 170.19, 170.02, 169.94, 169.89, 169.82, 135.38, 128.93, 128.84, 128.55, 69.59, 69.32, 69.27, 69.12, 68.85, 68.31, 67.53, 26.01, 21.53, 18.59, 17.07, 16.99, 16.96, 16.89, -4.59, -4.98 
Bn-LLA64-TBMDS (L-3h)
Starting with TBDMS protected 32-mer L-4g (50 mg, 0.02 mmol, 1.06 eq), benzyl protected 32-mer L-5g (50 mg, 0.02 mmol, 1 eq), DPTS (1.14 mg, 3.87 μmol, 0.2 eq) and EDC·HCl (4.82 mg, 0.03 mmol, 1.3 eq), crude double protected 64-mer L-3h was obtained as a light yellow solid (0.09 g) using general method A for the coupling reactions. The material was purified by automated column chromatography using DCM/EtOAc (gradient 93/7 to 70/30) as eluent, giving the pure material as a white solid (0.81 g, 87% 
C-NMR (100 MHz, CDCl3): δ=173. 83, 170.29, 170.20, 170.03, 169.90, 169.83, 135.38, 128.93, 128.84, 128.55, 69.60, 69.32, 69.12, 68.85, 68.31, 67.53, 26.01, 21.53, 18.59, 17.07, 16.96, -4.59, -4.98 
Bn-DLA4-TBMDS (D-3b)
Starting with TBDMS protected dimer D-4a (9.87 g, 35.7 mmol, 1.06 eq), benzyl protected dimer D-5a (8.5 g, 33.7 mmol, 1 eq), DPTS (2.0 g, 6.79 mmol, 0.2 eq) and EDC·HCl (9.0 g, 47.2 mmol, 1.4 eq), crude double protected tetramer D-3b was obtained as a light yellow oil using general method A for the coupling reactions. The material was purified by automated column chromatography using heptane/EtOAc (gradient 100/0 to 75/25) as eluent, giving the pure material as a colorless oil (14.38 g, 87%). 
13 C-NMR (100 MHz, CDCl3): δ=173. 69, 170.10, 169.80, 135.19, 128.74, 128.65, 128.38, 110.52, 69.36, 68.95, 68.67, 68.11, 67.33, 25.82, 25.38, 21.37, 18.42, 16.89, 16.74, -4.78, -5 .17 ppm; HRMS (MALDI-TOF): m/z calcd for C25H38O9Si+Na + : 533.22 [M+Na] + ; found 533.23.
Bn-DLA8-TBMDS (D-3c)
Starting with TBDMS protected tetramer D-4b (5.2 g, 12.4 mmol, 1.06 eq), benzyl protected tetramer D-5b (4.7 g, 11.7 mmol, 1 eq), DPTS (0.67 g, 2.31 mmol, 0.2 eq) and EDC·HCl (3.0 g, 15.4 mmol, 1.2 eq), crude double protected octamer D-3c was obtained as a light yellow oil using general method A for the coupling reactions. The material was purified by automated column chromatography using heptane/EtOAc (gradient 90/10 to 50/50) as eluent, giving the pure material as a colorless oil (8.75 g, 88%). 
13 C-NMR (100 MHz, CDCl3): δ=173. 65, 170.12-169.66, 135.20, 128.75, 128.66, 128.38, 128.37, 69.41, 69.14, 69.12, 69.10, 68.94, 68.67, 68.13, 67.35, 25.83, 21.35, 18.42, 16.89, 16.81, 16.79, 16.70, -4.77, -5.16 
Bn-DLA12-TBMDS (D-3d)
Starting with TBDMS protected octamer D-4c (0.33 g, 0.47 mmol, 1.06 eq), benzyl protected tetramer D-5b (0.20 g, 0.50 mmol, 1 eq), DPTS (0.03 g, 0.09 mmol, 0.2 eq) and EDC·HCl (0.12 g, 0.61 mmol, 1.3 eq), crude double protected 12-mer D-3d was obtained as a light yellow oil (0.39 g) using general method A for the coupling reactions. The material was purified by automated column chromatography using hept/EtOAc (gradient 85/15 to 45/55) as eluent, giving the pure material as a white solid (0.32 g, 63%). 83, 170.30, 170.20, 170.03, 169.95, 169.90, 169.89, 169.83, 135.39, 128.93, 128.84, 128.56, 69.60, 69.33, 69.32, 69.27, 69.13, 68.85, 68.31, 67.53, 26.02, 21.54, 18.59, 17.07, 16.99, 16.96, 16.89, -4.59, -4.98 (CH3)2), 0.10 (s, 3H, (CH3)3C-Si(CH3)2), 0.07 ppm (s, 3H, (CH3)3C-Si(CH3)2); 13 C-NMR (100 MHz, CDCl3): δ=173. 63, 170.10-169.63, 135.18, 128.73, 128.64, 128.35, 69.40, 69.12, 69.08, 68.93, 68.65, 68.11, 67.33, 25.81, 21.33, 18.39, 16.87, 16.79, 16.76, 16.69, -4.79, -5 
Bn-DLA32-TBMDS (D-3g)
Starting with TBDMS protected 16-mer D-4e (0.70 g, 0.55 mmol, 1.06 eq), benzyl protected 16-mer D-5e (0.65 g, 0.52 mmol, 1 eq), DPTS (37 mg, 0.23 mmol, 0.2 eq) and EDC·HCl (0.15 g, 0.78 mmol, 1.4 eq), crude double protected 32-mer D-3g was obtained as a light yellow solid using general method A for the coupling reactions. The material was purified by automated column chromatography using chloroform/EtOAc (gradient 100/0 to 85/15) as eluent, giving the pure material as a white solid (1.0 g, 73%). 64, 170.10, 170.08, 170,02, 169.85, 169. 72, 169.64, 135.18, 128.74, 128.65, 128.36, 69.40, 69.13, 69.08, 68.93, 68.66, 68.12, 67.34, 25.82, 21.34, 18.40, 16.87, 16.77, 16.69, -4.79, -5.18 
Bn-DLA64-TBMDS (D-3h)
Starting with TBDMS protected 32-mer D-4g (0.13 g, 0.05 mmol, 1.1 eq), benzyl protected 32-mer D-5g (0.11 g, 0.05 mmol, 1 eq), DPTS (5 mg, 0.068 mmol, 0.8 eq) and EDC·HCl (10 mg, 0.06 mmol, 1.1 eq), crude double protected 64-mer D-3h was obtained as a light yellow solid using general method A for the coupling reactions. The material was purified by automated column chromatography using chloroform/EtOAc (gradient 95/5 to 75/25) as eluent, giving the pure material as a white solid (0.14 g, 58%). 61, 170.08, 169.99, 169.81, 169.72, 169.61, 135.17, 128.72, 128.61, 128.34, 69.38, 69.11, 68.91, 68.63, 68.10, S10 67.31, 25.80, 21.32, 21.14, 18.38, 16.85, 16.75, 16.68, 16.64, 14.31, -4.80, -5.19 The benzyl protected oligomer L-3 or D-3 (e.g., 19 mmol) was dissolved in EtOAc (65 mL, 0.3 M). The solution was purged with argon, and palladium (10% on carbon, 0.03 eq Pd) was added.
The mixture was stirred overnight under hydrogen atmosphere at room temperature. Full conversion of the benzyl ester was confirmed by TLC analysis (hept/EtOAc 50:50; CeMo stain; Rf,prod = 0.01-0.2 (tailing)); maximum reaction time: 18 hours. The black suspension was filtered through a 4 cm thick layer of celite and the filter cake was washed with EtOAc (100 mL in small portions). The filtrate was concentrated in vacuo, giving the title compound L-4 or D-4 in high purity.
HOOC-LLA16-TBDMS (L-4e)
Starting from benzyl protected 16-mer L-3e (0.73 g, 0.03 mmol), pure deprotected 16-mer L-4e was obtained as a colorless solid (0.71 g, quant.) using general procedure B for the removal of the benzyl group. 12, 173.88, 170.29, 170.03, 169.95, 169.91, 169.81, 69.30, 69.12, 69.06, 68.85, 68.29, 25.98, 21.51, 18.57, 17.03, 16.96, 16.93, 16.87, -4.62, -5 
HOOC-LLA32-TBDMS (L-4g)
Starting from benzyl protected 32-mer L-3g (0.17 g, 0.07 mmol), pure deprotected 32-mer L-4g was obtained as a colorless solid (0.16 g, quant.) using general procedure B for the removal of the benzyl group. 12, 173.86, 170.31, 170.05, 169.92, 169.82, 69.34, 69.15, 69.06, 68.87, 68.34, 26.03, 21.54, 18.60, 17.08, 16.97, 16.91, -4.58, -4.96 54, 173.68, 68.52, 68.21, 25.81, 21.30, 18.43, 16.88, -4.82, -5.20 ppm.
HOOC-DLA4-TBDMS (D-4b)
Starting from benzyl protected tetramer D-3b (6.39 g, 12.5 mmol), pure deprotected tetramer D-4b was obtained as a colorless oil (5.44 g, quant.) using general procedure B for the removal of the benzyl group. 
HOOC-DLA8-TBDMS (D-4c)
Starting from benzyl protected octamer D-3c (2.37 g, 2.97 mmol), pure deprotected octamer D-4c was obtained as a colorless oil (2.2 g, quant.) using general procedure B for the removal of the benzyl group. 13 C NMR (100 MHz, CDCl3): δ= 175. 28, 173.71, 170.13, 169.87, 169.77, 169.66, 69.15, 69.12, 69.11, 68.96, 68.88, 68.70, 68.15, 25.83, 21.35, 18.42, 16.88, 16.81, 16.78, 16.71, -4.78, -5.16 
HOOC-DLA16-TBDMS (D-4e)

General procedure C for removal of the TBDMS protective group, giving Bn-LLAx-OH (L-5) or Bn-DLAx-OH (D-5)
The TBDMS protected oligomer L-3 or D-3 (e.g., 6 mmol) was dissolved in dry DCM (40 mL, 0.15 M) in a 100 mL round-bottom flask under an argon atmosphere. The solution was cooled down to 0 °C in icewater. Next, BF3-etherate (e.g., 18 mmol, 3 eq) was added slowly and the mixture was allowed to warm to room temperature. Stirring was continued overnight at room temperature until full conversion of the starting material was reached (TLC analysis (hept/EtOAc 50:50; CeMo stain; maximum reaction time: 19 hours). Subsequently, the solution was poured into a mixture of sat. aq. NaHCO3 soln. (50 mL) and brine (15 mL). The resulting colorless organic layer was separated, washed with another portion of brine (10 mL) and dried with MgSO4. The solvent was removed in vacuo, giving the crude product. Purification by automated column chromatography gave the pure material L-5 or D-5.
Bn-LLA12-OH (L-5d)
Starting from TBDMS protected 12-mer L-3d (0.16 mg, 0.15 mmol) and BF3-etherate (0.06 g, 0.06 mL, 3 eq), crude deprotected 12-mer L-5d was obtained (0.14 g) using general method C for the removal of the TBDMS protective group. The material was purified by automated column chromatography using heptane/EtOAc (gradient 60/40 to 30/70) as eluent, giving the pure material as a white solid (0.12 g, 80%). 47, 170.23, 169.99, 169.93, 169.86, 135.36, 128.95, 128.86, 128.57, 69.60, 69.47, S13 69. 41, 69.37, 69.34, 67.55, 67.02, 20.86, 17.08, 17.01, 16.97, 16.90 
Bn-LLA24-OH (L-5f)
Starting from TBDMS protected 24-mer L-3f (0.15 g, 0.08 mmol) and BF3-etherate (0.04 g, 0.04 mL, 3 eq), crude deprotected 24-mer L-5f was obtained (0.11 g) using general method C for the removal of the TBDMS protective group. The material was purified by automated column chromatography using DCM/EtOAc (gradient 90/10 to 70/30) as eluent, giving the pure material as a white solid (0.10 g, 86%). 04, 169.83, 169.59, 169.52, 169.45, 135.01, 128.56, 128.47, 128.18, 69.23, 69.01, 68.95, 67.15, 66.63, 20.56, 16.69, 16.62, 16.59, 16.51 
Bn-LLA32-OH (L-5g)
Starting from TBDMS protected 32-mer L-3g (0.17 g, 0.07 mmol) and BF3-etherate (0.08 g, 0.07 mL, 8 eq), crude deprotected 32-mer L-5g was obtained (0.16 g) using general method C for the removal of the TBDMS protective group. The material was purified by automated column chromatography using DCM/EtOAc (gradient 90/10 to 70/30) as eluent, giving the pure material as a white solid (0.13 g, 77%). 09, 169.87, 169.64, 169.57, 169.51, 135.06, 128.61, 128.52, 128.23,69.28, 69.06, 69.00, 67.20, 66.68, 20.52, 16.74, 16.64, 16.57 
Bn-DLA4-OH (D-5b)
Starting from TBDMS protected tetramer D-3b (7.03 g, 13.77 mmol) and BF3-etherate (7.19 g, 6.25 mL, 3.6 eq), crude deprotected tetramer D-5b was obtained using general method C for the removal of the TBDMS protective group. The material was purified by automated column chromatography using heptane/EtOAc (gradient 70/30 to 50/50) as eluent, giving the pure material as a colorless oil (4.95 g, 91%). 13 C-NMR (50 MHz, S14 CDCl3) δ=175. 22, 170.02, 169.80, 169.65, 135.14, 128.72, 128.63, 128.36, 69.39, 69.16, 67.34, 66.80, 20.61, 16.85, 16.70 
Bn-DLA8-OH (D-5c)
Starting from TBDMS protected octamer D-3c (2.184 g, 2.73 mmol) and BF3-etherate (1.2 g, 1.04 mL, 3 eq), crude deprotected octamer D-5c was obtained using general method C for the removal of the TBDMS protective group. The material was purified by automated column chromatography using heptane/EtOAc (gradient 60/40 to 35/65) as eluent, giving the pure material as a colorless oil (1.74 g, 93%). 24, 170.02-169.65, 135.19, 128.74-128.37, 69.41-69.15, 67.35, 66.83, 20.64, 16.87, 16.84, 16.77, 16.70 
Bn-DLA12-OH (D-5d)
Starting from TBDMS protected 12-mer D-3d (0.27 mg, 0.29 mmol) and BF3-etherate (0.12 g, 0.1 mL, 3 eq), crude deprotected 12-mer D-5d was obtained (0.26 g) using general method C for the removal of the TBDMS protective group. The material was purified by automated column chromatography using heptane/EtOAc (gradient 60/40 to 30/70) as eluent, giving the pure material as a white solid (0.23 g, 87%). 34, 170.15, 169.94, 169.85, 169.78, 135.34, 128.88, 128.79, 128.50, 77.68, 69.55, 69.29, 69.28, 67.47, 66.95, 20.76, 17.01, 16.94, 16.91, 16.83 
Bn-DLA16-OH (D-5e)
Starting from TBDMS protected 16-mer D-3e (1.135 g, 0.825 mmol) and BF3-etherate (0.50 g, 0.43 mL, 4.1 eq), crude deprotected 16-mer D-5e was obtained using general method C for the removal of the TBDMS protective group. The material was purified by automated column chromatography using heptane/EtOAc (gradient 50/50 to 20/80) as eluent, giving the pure material as a white solid (0.96 g, 93%). 24, 170.01-169.64, 135.19, 128.74-128.37, 69.41-69.13, 67.34, 66.82, 20.65, 16.87, S15 
Bn-DLA32-OH (D-5f)
Starting from TBDMS protected 32-mer D-3f (0.31 g, 0.121 mmol) and BF3-etherate (92 mg, 0.08 mL, 4.65 eq), crude deprotected 32-mer D-5f was obtained using general method C for the removal of the TBDMS protective group. The material was purified by automated column chromatography using chloroform/EtOAc (gradient 90/10 to 70/30) as eluent, giving the pure material as a white solid (0.22 g, 76%). C-NMR (100 MHz, CDCl3) δ=175. 21, 169.99-169.62, 135.17, 128.72, 128.52 128.35, 69.39, 69.37, 69.11, 67.32, 66.80, 20.62, 16.85, 16.72, 16.68 
Methyl (R)-2-(allyloxy)propanoate (8)
O MeO O Methyl D-lactate 7 (4.67 g, 44.8 mmol, 1.0 eq) and allyl bromide (8.16 g, 5.85 mL, 67.2 mmol, 1.5 eq) were dissolved in dry diethyl ether (40 mL) in a 3-necked round-bottom flask under an argon atmosphere. Silver(I)oxide (10.39 g, 44.8 mmol, 1.0 eq) was added and the mixture was stirred for 2 days under reflux. The mixture was cooled to room temperature and centrifuged at 2000 rpm for 2 minutes. The supernatant was transferred to a round bottom flask. The residue was washed with 15 mL Et2O and centrifuged (two times). The combined organic layers were concentrated in vacuo, giving crude product 7 as a light yellow liquid. The mixture was purified by automated column chromatography (pentane/DCM gradient 20/80 to 0/100), giving the pure material (4.4 g, 68 %). 05, 134.38, 118.06, 74.28, 71.43, 53.75, 52.23, .
Silyl hydride 9a (0.79 g, 0.71 mmol, 1 eq) and methyl (R)-2-(allyloxy)propanoate 8 (0.12 g, 0.85, 1.2 eq) were dissolved in dry toluene (3 mL) in a 25 mL round-bottom flask under an argon atmosphere. To this was added one drop of Karstedt catalyst (soln. in xylene, 2% Pt). The mixture was stirred at 60 °C for 3 hours (the mixture turned from colorless to light yellow/brown in a few minutes). Afterward, the solvent was removed in vacuo. The light brown residue was purified by automated column chromatography using hept/EtOAc (gradient 100/0 to 90/20) as eluent, giving the pure material 10a (700 mg, 79 %). 174.34, 75.28, 73.51, 52.17, 23.88, 19.07, 14.40, 2.14, 1.50, 1.41, 0.67, 0.44 .
Me
Silyl hydride 9b (1.08 g, 0.63 mmol, 1 eq) and methyl (R)-2-(allyloxy)propanoate 8 (0.11 g, 0.76, 1.2 eq) were dissolved in dry toluene (6 mL) in a 25 mL round-bottom flask under an argon atmosphere. To this was added one drop of Karstedt catalyst (soln. in xylene, 2% Pt). The mixture was stirred at 60 °C for 3 hours (the mixture turned from colorless to light yellow/brown in a few minutes). Afterward, the solvent was removed in vacuo. The light brown residue was purified by automated column chromatography using hept/EtOAc (gradient 100/0 to 78/22) as eluent, giving the pure material 10b (772 mg, 79 %). 174.32, 75.29, 73.51, 52.16, 52.14, 23.90, 19.05, 14.42, 2.14, 2.13, 1.77, 1.52, 1.50, 1.48, 1.40, 1.03, 0.45, 0.35 Methyl ester 10a (0.68 g, 0.542 mmol, 1.0 eq) was dissolved in dry dichloroethane (5 mL) in a 25 mL round-bottom flask equipped with cooler under argon atmosphere. To this, trimethyltin hydroxide (0.49 mg, 2.71 mmol, 5 eq) was added and the mixture was stirred for 3 days at 70 °C. The material was diluted with DCM (15 mL) and washed with a mixture of citric acid (6 mL, 0.5 M) and water (15 mL). The organic layer was separated and the aqueous layer was extracted with DCM (2 × 10 mL). The combined organic layers were washed with brine (10 mL), dried with MgSO4 and the solvent was removed in vacuo, giving the crude product as a colorless oil. Further purification by automated column chromatography using hept/EtOAc (gradient 95/5 to 60/40) as eluent yielded the pure product 11a (0.50 g, 74% Methyl ester 10b (1.04 g, 0.564 mmol, 1.0 eq) was dissolved in dry dichloroethane (6 mL) in a 25 mL round-bottom flask equipped with cooler under argon atmosphere. To this, trimethyltin hydroxide (0.51 mg, 2.82 mmol, 5 eq) was added and the mixture was stirred for 3 days at 70 °C. The material was diluted with DCM (15 mL) and washed with a mixture of citric acid (6 mL, 0.5 M) and water (15 mL). The organic layer was separated and the aqueous layer was extracted with DCM (2 × 10 mL). The combined organic layers were washed with brine (10 mL), dried with MgSO4 and the solvent was removed in vacuo, giving the crude product as a colorless oil. Further purification by automated column chromatography using hept/EtOAc (gradient 95/5 to 60/40) as eluent yielded the pure product 11b (0.50 g, 48% or (11a-b) (e.g., 0.16 mmol, 1.0 eq.) was dissolved in dry DCM (1 mL, ~0.15 M) in a 10 mL schlenk tube under an argon atmosphere. The solution was cooled to 0 °C in icewater and DPTS (0.08 mmol, 0.5 eq) and EDC·HCl (0.322, 2.0 eq) were added. The mixture was stirred for 10 minutes at 0 °C, followed by the addition of benzyl protected oLLAx L-5c-g or oDLAx D-5c-g (0.16 mmol, 1.0 eq). The mixture was then stirred overnight at room temperature and a suspension of droplets of co-oligomer in DCM was observed. The reaction mixture was diluted in DCM (15 mL) to bring all material in solution and the material was washed with a 50/50 mixture of water and brine (10 mL in total). The organic layer was dried with MgSO4 and concentrated in vacuo, giving the crude product [LLAx-Siy] or [DLAx-Siy]. The material was purified by automated column chromatography, resulting in pure, monodisperse block cooligomers.
[LLA9-Si23] Starting from oDMS acid 6b (129 mg, 0.07 mmol, 1 eq), Bn-LLA8-OH (L-5c) (48 mg, 0.07 mmol, 1 eq), DPTS (10 mg, 0.04 mmol, 0.5 eq) and EDC·HCl (27 mg, 0.14 mmol, 2 eq), crude oligomer [LLA9-Si23] was obtained as white solid (145 mg) using general method D. The material was purified by automated column chromatography using hept/EtOAc (gradient 90/10 to 65/35) as eluent, giving the product in pure form as a white solid (130 mg, 74 %). 169.94, 169.87, 135.41, 128.97, 128.88, 128.59, 74.88, 73.46, 69.63, 69.35, 69.21, 68.75, 67.57, 23.87, 19.02, 17.10, 17.03, 16.99, 16.92, 14.43, 2.13, 1.76, 1.50, 1.49, 1.39, 1.02, 0.44, 0.41 3. Thermal analysis of oLLA and oDLA homoblocks The order-disorder transition unrelated to the crystallization process is indicated with an asterisk.
Endothermic heat flows have a positive value. A temperature ramp of 10 K min -1 was used. Figure S5 . 1-D scattering profiles for [DLAx-Siy] in the low-q-range (A) and high-q-range (B). Figure S8 . MALDI-TOF spectra of Bn-oLLAx-TBDMS (A) and Bn-oDLAx-TBDMS (B). The data is shifted vertically for clarity. 
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